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ABSTRACT
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The purpose of the study was to determine whether irradiation
(gamma or electron) or thermal processing of chicken produces factors
which are antagonistic to vitamin B-6 in the diet of rats. (These
methods of preservation all result in lowered vitamin B-6 contents rel-
ative to frozen chicken.) Male and female rats (156 each) were made
vitamin B-6 deficient by feeding a semi-purified diet devoid of vitamin
B-6. They were then repleted with various test diets containing chicken
which had been preserved by one of four methods: frozen, thermally pro-
cessed, electron or gamma irradiated. All repletion diets were supple-
mented to contain carefully controlled (marginal or high) levels of
vitamin B-6. Recovery rates were monitored by growth (weight gain) and
measurements of vitamin B~6-dependent blood enzymes (plasma and red
cell aspartate aminotransferase and alanine aminotransferase). No dif-
ferences were observed in weight gain among the chicken-fed groups.

The enzyme responses of rats fed frozen, thermally processed or elec-
tron irradiated chicken were similar. Responses of some of the enzy-
matic parameters were slightly delayed in the kroups fed gamma
irradiated chicken at the marginal vitamin level. No consistent dif-
ferences were observed between any of the high vitamin groups. If an
antivitamin B-6 factor is present in gamma irradiated chicken, it is
minimal, is detectable only under conditions of marginal vitamin B-6
status, and is overcome by added dietary pyridoxine.
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FOREWORD

Recent U.S. Army protocols for the wholesomeness testing of rad-
appertized meats and poultry (1,2,) included antivitamin studies for
thiamin and vitamin B-6. These studies were designed in response to
questions raised by the Food and Drug Administration (FDA) in 1968,
after review of data in the readappertized ham petition. This fore-
word provides a brief historical background that led to the require-
ment for the antivitamin studies in the irradiated food protocols.

In 1953, the U.S. Army was assigned the task of determining the
wholesomeness of foods preserved by radappertization (sterilization
by ionizing radiation) and of developing the process. Protocols were
designed with the assistance of scientists from industry, universities,
and FDA. These studies were essentially completed by about 1964. In
general, the foods under study were canned and irradiated at ambient
temperature at two dose levels (2.79 and 5.58 mrad) with spent fuel
rods. Radappertized foods were stored at room temperature and the con-
trol canned foods were stored frozen.

Bacon was one of the most promising foods preserved by radapper-
tization. In 1963, a petition for cobalt-60 radappertized bacon was
approved by FDA (3). Subsequently, approval was obtained for irradi-
ation with 5-10 MeV electrons, 5 MeV x-rays, and Cesium-137. With the
approval of the bacon petition, a petition for ham was submitted. This
petition was based on bacon and pork data. Expert opinion was in
agreement; since ham was intermediate in degree of processing to bacon
and pork, it did not need to be tested. After review of these data in
1968, FDA concluded, in part, "Our evaluation of the raw data led us
to believe that there were suggestions of adverse effects and that,
therefore, the safety of these irradiated meats had not been established"
(4p96) .

Subsequently, the U.S. Army withdrew the ham petition and FDA re-
scinded its previous approval of radappertized bacon (4ppl23-124).
Although some of the suggested adverse effects reported by FDA were a
matter of opinion and interpretation, it is not the intent or purpose
of this foreword to rebut them. However, it should be recognized that
the pioneering U.S. Army irradiated food program was initiated before
the Food Additives Amendment of 1958 and its later rigorous interpre-
tation and enforcement (4ppl27-132).

Pertinent to the present issue, an adverse effect was observed
"apparent production of antinutrient factors' (4pl04). This conclu-
sion was based primarily on incomplete data in the progress reports of
Brins' group (5-7) in which blood transketolase and transaminase ac-
tivities were reduced in rats fed radappertized pork, unsupplemented
with thiamin or pyridoxine, respectively, and were not restored to nor-
mal upon repletion with the respective vitamin (5,0). [If the pork
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diets werc supplemented initially with the vitamins, the enzyme activ-
ities were not affected by the irradiated pork (5,7). Although the
studies might be questioned, this foreword will not discuss the merits
of the data or their interpretation by FDA; however, it would appear
that when the wholesomeness of radappertized foods is under considera-
tion, the question, i.e., production of antinutrient factors, raised by
FDA must be resolved to the satisfaction of all concerned.

Some persons question the value of the "old" wholesomeness studies.
Irradiation technology has not only changed and improved, but also the
requirements for additive testing have become more stringent. Since
the present day radappertized products are superior to those first-
generation products, it could be assumed that the earlier products
presented the worst possible case. Also, if any irradiation-induced
toxicity had been present, it would have manifested itself more
prominently. In spite of this, when adverse effects were found, sub-
sequent investigations disclosed that these were not caused by ir-
radiation but resulted from other complicating factors. One such
problem, which generally has been given inadequate consideration, was
that radappertized foods (very highly processed and stored at ambient
temperature) have been (unfairly) compared to unprocessed frozen con-
trols. Furthermore, the wholesomeness studies have attempted to prove
a negative -- virtually an impossible task.

Investigators (8,9) from Letterman Army Institute of Research have
already published two reports on thiamin and erythrocyte transketolase
activity in which they used irradiated beef (8) and irradiated chicken
(9). The following report describes the effects of dietary pyridoxinc
levels and radappertized chicken on blood transaminase activities in
rats.

NICHOLAS RAICA, JR.
Consultant

U.S. Army Medical Research
and Development Command
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Letterman Army Institute of Research
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Presidio of San Francisco, California 94129
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INTRODUCTION

The testing of control and irradiated meats for antimetabolite
activity against vitamins B-1 and B-6 is a requirement of the protocol
entitled "Animal Feeding Protocol for Irradiation Sterilized Test
Foods" originated by the Office for Wholesomeness of Irradiated Foods,
U.S. Army Medical Research and Development Command (USAMRDC), dated
21 October 1975.

The purpose of the study reported here was to determine whether
irradiation (gamma or electron) or thermal processing of chicken pro-
duces factors which are antagonistic to vitamin B-6 in the diet of
rats.

Background and Experimental Design

The present study is similar to another antivitamin study which
was conducted at this institute (l1). The same lot of chicken was used
and many of the standard operating procedures were identical. Some
of the experimental details common to both studies have already been
described (1) and will be cited rather than repeated in this report.

The protocol for the antivitamin B-6 study specified that rats
were to be made deficient in vitamin B-6 (according to a pre-set weight
gain criterion). They were then to be repleted with various chicken-
containing or semi-purified diets which had identical (high or mar-
ginal) vitamin B~6 contents and the recovery rates were monitored. A
decreased recovery rate in animals fed irradiated meat relative to
those fed control meat could indicate the presence of an antivitamin
B-6 substance. Such a substance could arise (but not necessarily)
from radiolysis of endogenous vitamin B-6.

Resumption of weight gain was the obvious indicator of recovery.
The other parameters specified by the protocol were blood transami-
nases which require pyridoxal phosphate for activity: serum aspartate
aminotransferase (AST), serum alanine aminotransferase (ALT) and
erythrocyte AST. These enzymes are decreased in vitamin B-é6-deficient
rats and humans (2,3). Transaminase activities are much lower in




serum than in erythroeytes and the serum enzymes are not considercd
reliable indicators of vitamin B-6 status, at least in the human (3,4).
In fact, scrum AST measurements are commonly usced to detect such pathu-
logical conditions as myocardial infarction rather than to asscss
nutritional status. Erythrocvte AST measurements and, in particular,
in vitro stimulation by pyridoxal phosphate are considerod to be the
most useful methods for assessing vitamin B~6 status (3,4). (lorveh-
rocyte ALT has not been a common measurement because of technica!l
difficulty of assaving the low activigy in the presonee of hemos fo-

bin in hemolvsates.) The "activity coefficicut" ratio of <timulated

to unstimulated activity is presumably indicative of the proportion ot
enzyme not saturated with cofactor.

The protocol specified that the meat diets contain 3579 test meat
(on a dry weight basis). Furthermore, it specified that each meat he
tested at two levels of vitamin intake, a marginal level and a high
level. The high vitamin diets were included to determine whether or
not any antivitamin B-6 substance (if detected) could be overcome by
additional vitamin.

All test medats originated from one lot of chicken which had been
heated to inactivate enzymes. This lot was divided into four parts
and each was further prepared for storage by one of the following
treatments: frozen (control); canned (thermally processed); ganma
(cobalt) irradiated; electron irradiated. The last three treatments
produce shelf-stable products and are known to cause decreased vitamin
content. Finally, the protocol specified the inclusion of groups fod
dry semipurified diets without chicken.

To conduct a successful and scientifically valid antivitamin B-6
study accordiag to the guidelines of the protocol, we found it neces-
sary to solve several problems before undertaking the study. The
vitamin B-6 microbiological assay posed particularly challenging prob-
lems which will be described later in the Discussion. Another problem
was the lack of a reliable standardized erythrocyte transaminase as-—
say which would be suitable for large numbers of samples. Although
the serum assays had been well established (in fact, commercial kits
are available), erythrocyte transaminase assays left much to be de-
sired (3). To remedy this situation, an autcanalyzer procedure was
developed to assay crythrocyte AST in washed red cells and a Gemsaec
fast analyzer method for whole blood AST was developed. Since we
could not know in advance which method would prove more valuable,
both assays were done on all samples. Activity coefficients on the
plasma enzymes were also determined, although this was not specitied
by the protocol.

A third problem was the fact that the protocol specified mar-
ginal repletion levels to be 8.0 mg pyridoxine/kg dict, but we
suspected that this level might not be low enough to provide a sensi-
tive test system.  Some reports have suggested that the B-6 requirement
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of the rat is lower than 8 mg/kg (5,6). Lastly, we felt it essential
to establish that repeated bleeding of rats would not cause elcvated
serum transaminases due to muscle damage during cardiac puncture. 7o
answer the two latter questions and to establish the validity of the
erythrocyte AST assays, we conducted a pilot study.

Pilot Study

Twenty-four female weanling rats were made vitamin B-6 deficient
as indicated in the Methods. A blood sample was taken from each for
transaminase analyses and the animals were divided intoc 3 repletion
groups of 8 each. The casein-based repletion diets contained 2.0,
4.0, and 12.0 mg pyridoxine*HCl/kg diet. A group of 6 non-deficient
control rats was maintained on the 12.0 mg/kg diet throughout the
pilot study. Figure 1 shows the growth curves of the four groups dur-
ing the repletion phase. All three repletion groups immediately ex-
hibited striking weight gains. After 4 weeks, there was a small but
significant difference in mean weights between the lowest and highest
vitamin groups. There was little difference between the 4.0 and
12.0 mg/kg groups.

The erythrocyte aspartate aminotransferase data yielded similar
conclusions. Within 7 days, both enzymatic activity and activity co-
efficients had returned to their normal ranges except in the lowest
vitamin group (Figure 2). Therefore, it appeared that in order to
promote marginal recovery rates, the diets had to contain less than
4.0 mg pyridoxine/kg diet and 2.0 mg/kg appeared to be suitable. How-
ever, endogenous vitamin B-6 in the frozen control chicken (at 357
dry weight) contributed more than 2 mg/kg to the diet (Table 1). We,
therefore, chose 2.5 mg pyridoxine*HCl/kg diet to be the marginal re-
pletion level.

The final question addressed in the pilot study was whether re-
peated blood samples could safely be taken by cardiac puncture. We
found no evidence that cardiac puncture caused elevated serum trans-
aminases within the time frame which would interfere with our study
(data not shown). Although an occasional sample did have elevated
values, this occurred so seldom that we did not feel it posed a threat
to the study.

METHODS

Chicken Test Meats

All test meats were supplied by the U.S. Army Natick Research and
Development Command, Natick, MA. They were from a lot labelled "Lot
3" and "Lot 3A" and had been processed according to the procedure out-
lined in Appendix A of the protocol described in paragraph 1 of page
1. The enzyme inactivation, gamma irradiation and electron irradia-
tion have been summarized in our previous report (1).




Animal Care

Male and temale weanling rats (156 each) were purchased from
Charles River Breeding Laboratories, Wilmington, MA. Each animal was
identified by ear tag and individually caged in a room with a l2-hr
light/dark cycle. All were given ad libitum water and a semi-purified
diet containing 12.0 mg pyridoxine*HCl/kg diet. The casein-based diet
was the same as described previously (I) except a commercial salt mix-
ture was used (Rogers & Harper salt mix (7), purchased from ICN Nutri-
tional Biochemicals, Cleveland, OH, and added as 4% of tie diet).

The schedule and diet codes for the two studies are outlined in
Table 2. After one week of quarantine and adaptation (Phase 1), 24 rats
were selected at random to remain on diet A. All other animals were
placed on diet B, which was identical to diet A, except that pyridox-
ine had been omitted (Phase 2). Crowth was monitored throughout the
study by thrice weekly weighings. Animals on diet B were considered
to be deficient when the average daily weight gain was less the 1.0 g.
The deficient animals were then randomly divided into 11 proups of
12 animals each. The diet A animals were also divided into 2 groups
of 12 each. One group of 12 diet A rats and one group of 12 dict B
rats were bled by cardiac puncture and removed from the studv. The
remaining 10 groups of deficient animals were placed on 10 different
repletion diets (C through L) and the remaining A group was continued
on diet A, The repletion period (Phase 3) lasted 4 weeks.

Diet Preparations
Values tor proximate analyses, calcium, and phosphorus were re-
ported previously (1). Vitamin B-6 assays were done by a microbiolog-
ical method which utilizes Saccharomyces uvarum (formerly S. carlsber-

gensis) as the test organism (8).

As specified by the protocol, the meat diets were formulated to
contain 35% (dry weight) chicken. The fat and protein levels of the
semi-purified diets were adjusted to be similar to the meat dicts,
based on calculations from proximiate analysis data (1). For c¢ach of
the meat treatment groups (E through L), a dry premix with fat and pro-
tein omitted and containing the proper amount of pyridoxine-lHCl was
prepared in advance. When mixed with the corresponding meat (35% dry
weight basis), the complete diets contained the specified levels of
vitamin B-6 and were similar to the semi-purificd diets, except that
ground chicken replaced the casein, lard, and corn oil. Further de-
tails of the mixing and feediny procedures were included in the pre-
vious report (1).

Blood Sampling and Analyses

Blood samples were obtained by cardiac puncture from all rats on
davs 7, 14, and 28. The animals were anesthetized with penthrane gas




and samples (2.5 ml each) were collected into EDTA-containing syringes.

' Hematocrits were determined in duplicate on each sample by the micro-

¢ capillary centrifugation method. Aliquots of each were centrifuged

and the plasmas were removed (in subdued light) for AST and ALT assays j
(done on the same day as the blood drawing). The red cells were washed

twice with saline, hemolyzed with distilled water, and stored frozen

until erythrocyte AST assays were done.

AST activity in sera and whole blood hemolysates (18 X dilution
of previously frozen whole blood with 0.9% saline containing 0.1%
Triton X-100) was determined with a Gemsaec Clinical Analyser. The
chemistry employed was a slight modification of the method recommended
provisionally by the International Federation of Clinical Chemists
(IFCC) (9); the principal modifications consisted of lower concentra-
tions of substrates and lower coupled enzyme activities, lower sample
to total reactiom volume ratio, and initiation of the reaction with
sample rather than reagent. Serum ALT activity was determined using
similar modifications of the chemistry recommended by the Scandinavian
Scciety for Clinical Chemistry and Clinical Pathology (SSCP) (10).
The details of these methods have been published in a handbook of vita-
min B-6 methodology (ll). Activities were determined with and without
exogenous pyridoxal-5'-phosphate.

Erythrocyte AST (EC 2.6.1.1.) was measured by an adaptation of the
method described in Technicon Method SE4-0010 FH4 (12) for serum analy-
ses, based on the work of Kessler et al (13). The reagent concentra-
tions were adjusted to permit optimization of the enzyme reactions as 1
recommended by the IFCC (9,14). The apparatus was modified to allow
the semi-automated measurement of pyridoxal phosphate-stimulated AST
activity under system-controlled reaction conditions. These modifica-
tions are described elsewhere (11). 4

Although erythrocyte ALT measurements had not been specified in
the protocol, inspection of erythrocyte AST and plasma ALT data sug-
gested that erythrocyte ALT data might be useful. Therefore, an auto-
analyzer assay was developed and the erythrocyte samples were reassayed
for ALT (two months after the original AST analyses). The procedure
for the measurement of erythrocyte ALT (EC 2.6.1.2.) was based on the
method recommended by the SSCP (l4) as described in Sigma Tech. Bul-
letin No. 57-UV (7-79) (15) for the analysis of serum. Reagent rela-
tionships were modified as required to adapt the procedure for use with
the continuous flow analytical technique for the Technicon AutoAnalyzer
11. Duplicate analyses for erythrocyte ALT activity were performed in
the presence and absence of pyridoxal phosphate to derive activity co-
efficients.

Data Acquisition and Handling

Animals were weighed using an electronic balance interfaced with
a programmable calculator. The weight data were permanently printed on
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paper tape and recorded on a miniature tape cartridge. The informa-
tion on the magnetic tape was then transferred to a minicomputer
(Data General Eclipse C330) to be processed and released in report
format. Programs for transferring and processing the data were de-
veloped locally in the Information Sciences Group.

Plasma aminotransferase data were expressed as IU/liter on the
print-out associated with the Gemsaec Fast Analyzer. These data were
manually transferred to code sheets and card punched. Erythrocyte
aminotransferase data were recorded in digital printout form as "chart
units" on paper tape from the autoanalyzer. These data, appropriate
conversion factors, and hematocrit values were also manually entered
onto keyvpunch coding sheets. Calculations of enzymatic activity in
terms of LU/ml red cells were done by the computer (programming by
the statistician) in conjunction with the statistical analyses.

Quality control data for both plasma and erythrocyte aminotrans-
ferase activities are summarized in Table 3.

Statistical Analysis of Aminotransferase Data

Past experience has demonstrated the effects of diet and level of
vitamin B-6 to be different for the different sex groups. Hencce, the
measurements taken on the three sample days (7, l4, and 28) were ana-
lyzed separately for each sex to determine the main effects of the
design variable (i.e., diet and level of vitamin B-6) along with their
interactions on each aminotransferase and its activity coefficient.

Based on the assumptions of normality, statistical independence
and the equality of subgroup variances, two-way analyses of variances
were performed with a packaged computer program, BMDP Biomedical Com-
puter Program P2V (16).

The following model was used in the two way analyses of variances:

y=m+a, +b, +ab, +e
i J i

J

observed enzymatic activity

where y

m = overall mean effect

a; = effect due to diet group
hj = effect due to vitamin level
abij = effect due to diet by vitamin level interaction

¢ = error term




When the results of the analysis of variance gave a significant
F value for diet effects, a posteriori multiple comparisons were used
to test for differences among means by the Newman-Keuls procedure (17).
In some of the multiple comparisons, the Newman-Keuls test was unable
to find significant group differences and therefore, 95% confidence
intervals were also examined. Three cases were found in which analy-
sis of variance (ANOVA) suggested diet effects, but neither Newman-
Keuls nor the confidence intervals revealed any diet differences within
the vitamin levels. The variances in these cases were significantly
different by Bartlett's test procedure (17). Therefore, the Kruskal-
Wallis one-way analysis of variance procedure (18) was used separately
on each vitamin group in these three cases to test group differences.
Differences were found in two of them and these have been noted in
the ANOVA summaries.

RESULTS

Vitamin B-6 Analyses

Results of vitamin B-6 analyses in the chicken meats are presented
in Table 1. Frozen control chicken had the highest vitamin B-6 con-
tent. Thermally processed, electron irradiated, and gamma irradiated
had 83%, 63%, and 507, respectively, of the frozen level. Table 1
also includes the calculated amounts of vitamin B-6 contributed by
the chicken in the diets as well as the amount of crystalline pyridox-
ine added to each to obtain the desired total (2.5 or 12.0 mg/kg). It
is obvious that most of the vitamin B-6 in the marginal frozen and
thermal chicken diets had originated in the meats. In contrast, approx-
imately half of the vitamin in marginal gamma and electron diets was
exogenous pyridoxine.

The vitamin B-6 contents of the test diets as determined by
microbiological assays are also summarized in Table 1. Among the
marginal diets, the frozen control consistently assayed slightly
higher than the other groups, despite the fact that the diets had been
carefully formulated to contain identical amounts. The reasons for
the apparent discrepancy will be discussed later.

Anima)l Body Weight Responses

Growth (weight) curves for both males and females during the
quarantine and depletion phases are shown in Figure 3. Non-deficient
and deficient groups had similar weight changes for 10 days, after
which growth slowed considerably for both males and females on the
deficient diets. The criterion for deficiency of weight gains less
than 1.0 gram/day was met at 33 and 42 days for females and males, re-
spectively. Because males required longer to reach this state of de-
ficiency, their body weights were much greater than the females at
the beginning of the repletion phase.




Growth curves for the rats fed the repletion diets are prescentel
in Figures 4-8. In each case, the growth curve for the non-deficient
control group is shown to simplify the comparisons. Apparent jogs in
the curves occurred after 7 and 14-day bleedings, presumuably becuuse
of physiological stress on the rats. Occasional animals died follow-
ing bleeding duys, but we included their body weights with the data
recorded prior to death.

When all groups arce compared, it is obvious that rats CONSW nyg
meat diets regained their weight faster than those fed the semi-puri-
tied repletion dicts. This could be attributed to the fact that the
rats fed meat diets ate more feed (on a dry-weight basis) than those
ted the semi-purified diets (data not presented), presumably because
the meat dicts were more patatable.

When fed meat diets, females regained their weight and caught up
with the non-deficient controls by or before the end of the repletion
phase. In contrast, although all malc groups exhibited marked recovery
of weight, nonc of them reached the weight of the non-deficient con-
trol group by day 28 of repletion. (This was probably due to the
larger differcnce between controls and deficients after the longer
depletion phase.) Neither males nor females recovered completely when
fed the semi-purified repletion diets.

Means for initial and final weights for the repletion phase and
average daily gains calculated by week and for the total 28 davs arce
shown in Tables 4 and 5 for males and females, respectively. Inspec-
tion ot these data, as well as Figures 4-8, reveal no differences be-
tween the marginal and high vitamin groups. Thus the level of
2.5 mg pyridoxine per kg diet apparently satisfied the repletion re-
quirement for vitamin B-6 as far as growth criteria are concerned.
Furthermore, no differences appeared between anv of the meat groups,
although all of them supported better gains than the semi-purified
repletion diets.,

Lrythrovyte Aspartate Aminotransferasc (AST)

Analysis of variance significance levels for crythrocyte AST are
presented in Table 6. Both enzymatic activity (unstimulated) and ac-
tivity coefficients were sensitive to vitamin B-6 intake., as revealed
by the highly significant and consistent P values in the vitamin cof- !
tfect column. Significant diet effects (P < .05) were detected for
enzymatic activity in 4 out of 6 sampling days and on all days for
activity coefficients, The sources of these treatment effects will be
examined later.

Erythrocyte AST group means are graphically summarized in Figures
9 (males) and 10 (females). Before repletion, erythrocyvte AST in the
deficient males and females was 25% and 40%, respectively, of the
levels in the corresponding non-deficient controls. Within 7 days,




all repletion groups were well above deficient levels and by day (4,
they were at or above the levels of the non-deficient animals. For
all practical purposes, one might consider all groups to have re-
covered within 2 weeks when compared to animals which had never been
deficient. However, the high and marginal vitamin repletion groups
remaln clearly distinguishable through 28 days.

Activity coefficient results are summarized in Figures 1l (males)
and 12 (females). At day O, the deficient groups had mean activity
coefficients of 1.94 (males) and 1.68 (females) compared to 1.06 for
non-deficient animals (both sexes). By day 7, all groups were well
below the deficient values, and by day 14, were at or near the non-
deficient levels. In agreement with the enzymatic activity results
described above, the effect of vitamin intake was obvious through 28
days: all high and low vitamin lines in Figures 11 and 12 are clearly
separated. The only obvious effect of diet was the tendency for the
semi-purified (marginal) group to recover more slowly.

Tables 7 and 8 give group mean values and the results of the
Newman-Keuls multiple comparison tests. Some significant group dif-
ferences were detected, but none was consistently observed throughout
all sampling days. The semi-purified group was slowest to recover
(lowest activity and highest coefficients during the first 2 weecks).
The gamma irradiated groups tended to recover slower than the frozen
controls, but this was statistically significant for enzymatic activ-
ity only on day 7 (males), and for activity coefficient on days 7 and
28 (both sexes). The groups fed electron irradiated chicken fared as
well or better than the frozen control group.

Plasma Aspartate Aminotransferase

Analyses of variance significance levels for plasma AST are sum-
marized in Table 9. Plasma AST was less sensitive to vitamin intake
than the erythrocyte enzyme and P values were significant only on day
7. However, the activity coefficient was significantly (P < .05) af-
fected by vitamin level in all cases except day 28 for males.

Graphic comparisons of plasma AST group means are shown in Fig-
ures 13 (males) and 14 (females). At day O, the deficient animals
had activities of 38% (males) and 357% (females) of their respective
non~deficient controls. By day 7 of repletion, all groups were nearly
back to non-deficient levels. The effect of vitamin intake (high vs.
marginal) was obvious for all treatments on day 7 (males), for irradi-
ated treatment on day 7 (females), and for frozen, thermal, and gamma
treatments on day 28 (males). On other days, there was no clear-cut
separation between high and low vitamin groups.

Actlvity coefficient group means are graphed in Figures 15 (male)
and 16 (females). At day O, the deficient animals had activity co-
efficients of 2.5 (males) and 2.7 (females) compared to [.2 and 1.3
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for respective non-deticient groups. By davy 7, all groups had re-
turned te non~-deficient levels or nearly so. Although the mirginal
vitamin groups tended to have higher activation coefficients than the
high vitamin yroups, this was not consistent except on davs 7 and 14
in the males.

Plasma AST group neans and results ol Newman-Renls maltiple cone
parison tests are sumnarized in Tables 10 (AST activity) and 11 (ac-
tivity coefricients). Seome uroup means were significantly ditterent
(P < .05) but no consistent trend was obscrved. The g
irradiated chicken tended to recover slower than those receiving tro-
zen chicken. This trend was significant only on day 7 tor males and
on davs 14 and 28 for females (activity coefficient onlyv). In apree-
ment with ervthrocvte AST parameters, the electron~irradiuated groups
were not different from the frozen control proups.

roups fed gamna

Plasma Alanine Aminotransferase

Analysis of variance significance levels for plasma Al and ac-
tivity coefficient are presented in Table 12. Both paramcters were
highly sensitive to vitamin intake as indicated by the low P values
in the vitamin effects column. Some effects of dict were aotoected
and these will be examined later.

Graphic summaries of plasma ALY group means are shown In Figures
17 (males) and 18 (femiles). At dav 0, the activities in plasma ol
deficient animals were 287 (males) and 13 (Temales) o the respective
control values. By day 7 ot repletion, the marginael groups had in-
creased to nearly the levels of non~deficicent contrels and the high
vitamin groups had actually surpassed them. The high vitamin groups
remained elevated throughout the d4-week observation period.  Along
with this dramatic and persistent overshoot of olasma ALP, the high
and marginal vitamin repletion groups were clearly differentiated at
all times.  The magnitude of the separation was greater than had been
observed with the plasma or ervihrocvte AST.  After dav 7, there was
little turther improvement otf the marginal vitamin groups in cither
sex with respect te the non-delicient controls or the high vitamin
groups. The only apparent effect of diet was the tendency for the
frozen (marginal) group to have higher enzyvmatic activity than the
other marginal groups.

Plasma ALT activitv coefficicents arve summarized graphically in
Figures 19 (males) and 20 (females). bleficient males had activity
coefficients of 2.0 and females 2.0 compared to 1.2 tor non-doeficient
animals (both sexes) on day 0. By day 7, all high vitamin vepletion
groups had dropped to non-deticient levels or below.  Although all
maryinal repletion groups had strikingly improved by odav 7, their
activity coetficients remained elevated and distinet trom che high
vitamin repletion groups throughout the 4-week observation period.
There was ne obvious offect of dict except, perhaps, the tastoer
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recovery of the males fed frozen chicken (marginal vitamin). Although
deficient females had higher activity coefficients, they recovered
faster and more consistently than did the males.

Plasma ALT group means and results of Newman-Kuels comparisons
are summarized in Tables 13 (enzymatic activity) and 14 (activity co-
efficients). Few effects of diet were detected, and whenever differ-
ences were found, the frozen group always had highest enzymatic activ-
ity and lowest coefficients. The gamma-fed males did differ signifi-
cantly from the frozen group on days 7 and 14 (both parameters).
However, this was not observed in the females except on day 7, and
then only in enzymatic activity (Table 13).

Erythrocyte Alanine Aminotransferase

Because of the high sensitivity and reliability of plasma ALT as
an indicator of vitamin B-6 intake, we felt it would be worthwhile to
examine the erythrocyte enzyme. To do so required development of an
analytical method. We adapted the autoanalyzer method for erythrocyte
AST and improved the sensitivity to accommodate the lower ALT activity
in the erythrocyte (approximately 207% of AST levels). The assays were
done on the samples which had been assayed originally for erythrocyte
AST. By the time the ALT assay could be done, the samples had been
stored frozen (~70°9C) for approximately 3 months. We have since found
ALT to be stable for at least 3 months when hemolysates were stored
under these conditions (data not shown).

Analysis of variance significance levels for erythrocyte ALT and
activity coefficients are given in Table 15. Both parameters were
highly sensitive to vitamin intake except the activity coefficient on
day 28 in the females. Many significant effects of diet and diet-
vitamin interactions were detected which will be examined below.

Graphic summaries of erythrocyte ALT group means are shown in
Figures 21 (males) and 22 (females). At day 0, the deficient groups
had 127 (males) and 207% (females) of the activity of the non-deficient
controls. During the four weeks of repletion, progressive increases
were observed in all groups. The high vitamin groups increased faster,
but had not quite returned to non~deficient levels by 4 weeks of re-~
pletion. The only consistent effect of diet was the fact that at all
time points, the semi-purified marginal group had the lowest group
mean.

Erythrocyte ALT group means and results of Newman-Keuls compari-
sons are summarized in Tables 16 (enzymatic activity) and 17 (activ-
ity coeffictents). Among the marginal groups, the semi-purified con-
sistently had the lowest activity and the frozen group the highest
(except for the unusually high electron mean on day 7 in the males).
The marginal gamma group means were lower than the marginal frozen,
but were significantly so only on days 14 and 28 (both sexes). The
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high gamma oroap was alse signiticantly lower or day 7 (Temade:s) oad
day 28 (both sexes).  Flectron frradiated was significantly low r than
the frozen control in 4 out of ¢ comparisons of the marginal vitamin
level and slightly, but significantly lower in 3 of the 6 ccomparisons
at the high vitamin level.

Activity coeificients of erythrocvte ALT ifncreased less daring
vitamin B-6 deficiency than any other activity coerfinci.nts.  Ar o 1
0, the deficient groups had activity coefficients of 1.27 (males) and
1.16 (females) compared to 1.06 and 1.05 for the respective non-deti-
cient groups (tootnote, Table 17). Despite these small absolute
differences, ANOVA had revealed this parameter to be sensitive to viga-
min intake on all sample days except day 28 in the females (Table 15).
Significant differences were detected between diet jroups by ewman-
Keuls only on days 14 and 28 in the males (marginal vitamin level};
the frozen group had the lowest, and the semi-purified, the highest
activity coefficients. However, the importance of these differences
is doubtful because all means were at or below the level of the non-
deficient controls.

DESCUSSION

Comments Concerning Sensitivity of Experimental Parameters

The sensitivity of our test svstem was limited by the stipulation
in the protocol that the test meats be fed at 35% of dry weight of the
diet. At this level, the meats contributed to the diets 1.2 to 2.4 my
vitamin B-06 per kg diet. Therefore, the marginal repletion level in
the study could not be less than 2.4 mg/kg of diet. In the pilout study,
we had found 2.0 but not 4.0 mg/kg to be suboptimal relative co 12.0 mg/
kg. The low vitamin level selected in the major study (2.5 mg/ks) sup-
ported growth responses which were no differeant than responses to
12.0 mg/kyg of diet. However, the low vitamin level was truly marginal
as revealed by the distinctly slower recovery rates of all enzyme pa-
rimeters.

Vitamin B-6-dependent processes involved in growth (weipht gain)
took priority over the blood aminotransferases during repletion. The
low vitamin diets contained enough pyridoxine to support maximial growth
response, but recovery rates of the aminotransferases were clearly
slower when compared to the high vitamin groups. Thus the blood enzymes
were more sensitive indicators of vitamin B-6 intake than was rowth.

Aminotransferases as Indicator of Vitamin B-6 Status

In this study, ALT measurements were more sensitive to vitamin
B-6 intake than AST parameters. This observation has been documented
tor the plasma enzyme for both rats (2) and humans (19). In addition,
rat ALT appears to be more respousive than AST to other "physiological
stresses'™ (20,21).  Neither AST nor ALT in plasma is considered useiul
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in assessing vitamin B-6 nutriture in the human because of the wide
range of activity in normal individuals (3.19). 1In experimental ani-
mals, however, plasma ALT appears to be an excellent parameter.
Furthermore, in our study, both erythrocyte aminotransferasces were
highly sensitive to vitamin B-6 intake.

Of the enzymatic paramaters employed, plasma AST was the least
sensitive to vitamin B-6 intake. After the first week of repletion,
there was no consistent difference between the high and low vitamin in-
take groups in either plasma AST or its activation coefficient. In
contrast, both erythrocyte AST and its activation coefficient did dis-
tinguish between the vitamin levels on all sample days in both sexes
(with one exception). However, from the second week on, all repletion
groups had returned to, or surpassed, the levels of the groups which
had never been deficient (Figures 9 and 10). Thus, the significant ef-
fect of vitamin intake from day 14 on was largely due to the fact that
the high vitamin groups had exceeded the enzymatic activity levels of
the controls (which had been maintained on an intake of 12 mg/kg all
along). The cause and significance of this overshoot are not known.

Plasma and erythrocyte ALT were the most sensitive parameters in
our study. In the deficient animals, ALT was more markedly depressed
than AST in both plasma and erythrocytes. During repletion, not only
was the effect of vitamin intake obvious on all sample days in both
sexes, but the magnitude of the differences was greater than was found
in the AST measurements.

The overshoot phenomenon occurred with erythrocyte AST and to
an even greater degree with plasma ALT. This was particularly strik-
ing among all high vitamin groups, both male and female, for the first
two weeks (Figures 17 and 18). By day 28, these group means were
nearly back to the levels of non~deficient controls. In contrast to
the high vitamin groups, all marginal repletion groups showed a large
increase in plasma ALT only during the first week and changed little
thereafter. By the fourth week, the marginal groups still had lower
ALT activity than the high vitamin groups and the non-deficient
controls.

Plasma ALT activity coefficients of male high vitamin groups also
tended to be less than the non-deficient levels, especially during the
first 2 weeks. Thus the overshoot phenomenon was observed, not only
in terms of absolute enzymatic activity, but also in the relative satu-
ration of apoenzyme with cofactor. Activity coefficients did not over-
shoot in the females. This may be related to the fact that in the
non-deficient animals, the apoenzyme appears to be more saturated with
cofactor in the females than in males (Table 14).

Erythrocyte ALT not only did not overshoot non-deficient levels,
but it was the only activity not to be restored within the 4-week
repletion period. On day 28, the high vitamin groups were nearly back
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To the non=deticient levels, but the marginal vitawin groups had re-
covered ondy approsimately halt woey.  Presumably, thoe sleower rice in
activity was due in part to the time requived for the deticient cells
to be replaced during red coll turnover with ervthroevtes containing
higher ALT levels.

Erythrocyte ALT activity coclficienl was not impressive as oan in-
dicator of vitamin B-6 intake. Although analysis of variance revealed
siyniticant vitamin intake effcets on 5 out of &6 abservation davs, thwe
magnitude of the ditterences was smaill compared to other paramaters.

Vitamin B-o .

Fiee vitamin assay presented the most challenging problems of tiis
study.  dhe organism o1 choive was the vitamin B-6-depuendent yeast,
Saccharemroes uvarum, which respouds equally to pyridoxine, pyridonal,
and pyveidosamine under ideal conditions (8). Under less than ideal con-
ditions, however, the orvanisas will not necessarily respond equally Lo
all 3 forms ol vitamins B-6 or their mixtures. The assay wmedium is
Yormulated to contain adequate amounts of all nutrients so that prowth
response to the test substance is due solely to the vitamin B-u content.
I{ the medium is not complete in all other respects, two problems may
oceur: a) false high values for test samples and b) "upward dvife”
i.e., noulinearity of the response to test samples with respect to the

standard curve. We expericnced both ot the above problems.

A commercial medium (Pvridoxine Y medium, Difco Laboratories,
Detroit, MI) was used for the Yirst assays including the estimates of
the vitamin contents of the test meats (Table 3).  Upward drift was a
recurring problem and was as much as 2004 with a 4-fold ditference in
dilution. Because of the drift problem and day-to-day variability, our
confidence in the test meat vitamin values leaves wuch to Le desired.

We next prepared the medium recommended by Sauberlich (8) and found
that it promoted preater prowth than did the Difco medium. Upward drift
was reduced but was net eliminated. Lrift was furthor decreased by
additional supplementation of the mediuwm with lysipe, leucine, and methi-
onine. All rewmaining assavs (dicts) were done with this supplemented
med ium.

According to the microbioloygical assay, the marginal diet based on
frozen chicken contained approximately 30k more vitamia B-6 than other
meat—containing dicts (fable 1),  7This occurred despite the fact that
all diets had boen carefully formulated to contain identical amounts of
vitamin B=6. A possible cxplanation Tor the discrepancy is as tollows:
most (947 of the vitamin B-6 in the frozen chicken diet orviginated in
the chicken. Most of this vitamin B=6 was probably protein-bound (c.g.,
pyridoxal phosphate).  The form of the vitamin in the other three diets
was 22 to 457 crystalline pyridoxine. Free pyridoxine would be expected
to be more labile than cthe protein-bound forms. Some depradation likely
occurred during the routine mixing of the moist test meats with dry
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pre-mixces (exposure to moisture, light, and air at room temperature).
Greater destruction of pyridoxine in the thermal, gamma, and eclectron
diets could have accounted for the decreased vitamin B~6 content in
these diets. Assayable vitamin B-6 was similar in all high vitamin
chicken diets. This is not surprising because all contained relative
excesses of added pyridoxine.

Effects of Diet on Enzymatic Parameters

Brin and co-workers have reported that ''rats fed X-irradiated pork
were subject to marginal deficiency of pyridoxine" (22). Theirs wus
not a depletion/repletion study, but instead a simple feeding study in
which rats were fed (frozen) control pork with and without pyridoxine
supplementation and X-irradiated pork (35% dry weight). After 12 weceks,
serum ALT was highest in the group fed supplemented pork, sigunificantly
lower in the unsupplemented control group, and lower yet in the unsup-
plemented irradiated group. (There was no irradiated + vitamin B-6
group.) The results were completely consistent with the assayable vita-
min B-6 contents of the meats. Thus, the "marginal deficiency of pyri-
doxine'" would be detected only when the diets are formulated to con-
tain no additional source of the vitamin.

In the present study, there was no one diet group which was dra-
matically and consistently different from all others in terms of en-
zymatic responses to repletion. There were however, trends; e.g.,
among the marginal vitamin groups in general, the group fed frozen
chicken responded the best, and those fed the semi-purified diet the
poorest. The lower responses during repletion with the semi-purified
diet can be explained by the lower food consumption. At equivalent in-
takes, this diet should have promoted responses equivalent to the meat-
containing diets. Without a paired feeding study, however, it is
difficult to compare responses on the semi-purified diet to the chicken
diets. The chicken-based diets were consumed at approximately equal
amounts and growth rates were essentially identical for all of them.

The frozen control group usually had the highest enzymatic activ-
ities and lowest activity coefficients among the marginal groups. This
is consistent with the slightly higher vitamin B-6 content of the frozen
(marginal) diet, which was discussed above. The marginal vitamin groups
fed thermally processed and electron irradiated chicken fared almost as
well as the control group (frozen chicken) and were statistically dif-
ferent in only a few cases. The group fed gamma irradiated chicken
tended to respond the slowest of the meat groups.

The enzyme data could support a conclusion that the diets contain-
ing gamma irradiated chicken promote slower rvepletion of vitamin B-6-
deficient rats than diets containing frozen chicken. Differences
between these groups, especlally in plasma and erythrocyte ALT activi-
i ties, were statistically significant a sufficient number of times to
allow such a generalization if other factors were not considercd.

15




However, we hesitate to conclude that gamma irradiated chicken contains
an antivitamin B-6 tactores), or if such a factor Jdoes exist, that it
is a biologival hazard. our reasons for skepticism arc:

® lhe coxperimental desiyn required that the mareginad
divts contain identical suboptinal leveels of vitamin
B-6.  To accomplish this, U was necessary to assav the
test meats in advance and toe suppiomenc earh diet accord-
ingly. Unfortunately, the best availabie assay for the
total composite of vitamin k-o in natural materials, such
as meat, utilizes a living organism. Aoy compound
which is antagonistic toward vitamin B-6 in ravs mizht
just as well behave similarly iu yeast.  IF this is the
casce, the study is seltf-doteating.  We canmot be sure
whether the lower assayvable vitamin b-6 in irrvadiated
chicken was due to destruction of the vitomin, production
of an (ntagonist, or both. 1t is also hvpochetically pos-
sible (but not easily tested) that gamma irradiation con-
verts the vitamin te a form less available in the rat but
still utitized by $. uvarum. Ne feel these considerations

represent serious tlaws in the original protocol.

e The magnitude of the enzvme effects and the condi-
tions tor detecting them suggest that an antivitamin Bt
tactor (if present) is not biologically important. The
absolute differences between gamma irradiated and contro!
groups were small when compared to the magnitude of the
changes in each group between days 0 and 7. Among the
high vitamin groups, few diet effcects were observed and
they did not fit a pattern. Thus, the delaved responses
to repletion in the animals fed gamma irradiated chicken
were detectable only under conditions of warginal vicamin
B-6 intake and were easily overcome by additional dictary
pyridoxine,

Lt ganma irradiated chicken does contain an antivitamin B~o cowmpound,
it should not be of great consequence under normal civeumstances bhe-
cause it is a minor component and other constituents ot the diet would
contribute enouph vitamin B-6 to compensate {or the decrvased vitamin
in the chicken.

CONCLUS TONS

eVitamin R-6 deficient rats were vepleted with semi-puritficd
diets or diets ceontaining chicken (Orozen, thermally processed, pgamma,
or electron irradiated). No diffcrence was found ia growth responsce
(welght gain) among the chicken-ted groups.  The groups fed semi-
purified diets responded slower, presumably becausce ot loewer tood con-
sumpt ion.

1h




® ALT (both in plasma and erythrocytes) was a better indicator
of vitamin B-6 status than AST under the conditions of the present
study. The magnitude of the differences between deficient and control
values was greater for ALT than AST. ALT parameters werec not only
slower to recover, but their recovery rates were more dependent upon
vitamin B-6 intake than were the corresponding AST parameters.

® The enzyme responses of rats fed frozen, thermally processed,
and electron irradiated chicken were similar. Responses of some of
the enzymatic paramaters were slightly delayed in groups fed gamma
irradiated chicken at the marginal vitamin B-6 level. No differences
were observed at the high vitamin level. Similar results were obtained
with both male and female rats.

® No evidence was found for antivitamin properties in electron
irradiated chicken. The amount of antivitamin B-6 activity in gamma
irradiated chicken (if indeed present) is minimal and probably not im-
portant enough to offset advantages of food preservation by irradia-
tion.

RECOMMENDATIONS

None

17




1,

10,

11,

REFERENCES

MCGOWN, E,L., C,M, LEWIS, and P.P, WARING., Investigation of Pos-
sible Antithiamin Properties in Irradiation-sterilized Chicken,
Institute Report No, 72, Presidio of San Francisco, CA:
Letterman Army Institute of Research, August 1979

BRIN, 1,, M, TAI, A,S. OSTASHEVER, and H, KALINSKY, The relative
effect of pyridoxine deficiency on two plasma transaminases in
the growing adult rat, J Nutr 71:416-420, 1960

SAUBERLICH, H.E,, R,P. DOWRY, and H.H. SKALA, TlLaboratory Tests
for the Assessment of Nutritional Status. Cleveland: CRC Press,
Inc., 1974

SPANE, B, Vitamin B-6 and hlood. In: Human Vitamin B-6 Require-
ments, Washington, DC: National Academy of Sciences, 1978,
pp 111-128

THIELE, V.F, and M, BRIM, Availahility of vitamin P-6 vitamers
fed orally to Long-Fvans rats as determined by tissue transami-
nase activity and vitamin B-6 assay. J Nutr 04:237-242, 196°

BEATON, G,H, and M,H, CIEMEY, Vitarin B-6 reauirement of the rale
albino rat, J Nutr 87:125-132, 1965

ROGERS, Q.R, and A E. HARPER, Amino acid diets and maxiral growth
in the rat. J Nutr 87:267-273, 1965

SAURERLICH, F,7, Vitamin 3-6. In: The Vitarins, Volume VITI,
cdited by P, Gyvorgy and W.li, Pearson, New York: Academic Press,
1967,  pp 169-208

INTERNATIONAL FEDERATION OF CLINICAL CHFMISTRY, Provisional re-
conmendations on IFCC methods for the measurement of catalytic
concentrations of enzymes, Part 3, Revised IFCC method for as-
[rartate arinotransferase, Clin Chem 24:720-721, 1078

THE CORMITTEY ON ENZYMES OF THE SCANDANAVIAN SOCIETY FOR CLINICAL
CHTATSTRY AND CLINICAL PHYSIOLOGY, Recommended methods for de-
terminations of four enzymes in blood. Scand J Clin Lab Invest
33:291, 1974

SRALA, J.i,, P.P, WARMING, M,F., LYONS, M.G. RUSNAK, and .1.S.
ALLETTO, Methodology for determination of blood aminotransferases.
In: llethods of Vitamin B-6 Nutrition, edited by J, Leklem and

R.D. Reynolds. New York: Plenum Press, 1981. pp 171-202

18




14,

15,

16,

17,

18.

19,

20,

21,

22,

TECHNICON INSTRUMENT CORPORATION. Technicon Method No, Sr4-
0010FH4, Tarrytown, NY, 1974

KESSLER, G,, R, RUSH, L, LEON, A, DELEA, and R, CU'PIOLA, Auto-
mated 340 nm measurement of GOT, GPT, and LDH, Volume 1. In:
Advances in Automated Analysis, Technicon International Congress.
Miami, Florida: Thurman Associates (1971), 1970, pp 67-74

BERGMEYER, H,U,, P, SCHEIBE, and A.W. WAHLEFELD, Optimization of
methods for aspartate aminotransferase and alanine aminotransfer-
ase, Clin Chem 24:58-73, 1978

SIGMA CHEMICAL COMPANY, Technical Bulletin No, 57-UV (7-79),
St. Louis, MQ: Sigma Chemical Conpany, 1970

UNIVERSITY OF CALIFORNIA, Biomedical Computer Programs, los
Angeles, CA: University of California Press, 1975

WINER, B.J. Statistical Principles in Fxperimental Desipn, VNew
York: McGraw Hill Book Co,, 1971

HOLLANDER, M, and D,A, WOLFE, Nonparametric Statistical Methods,
New York: John Wiley § Sons, 1973

BAYSAL, A,, B.,A, JOHNSON, and H, LINKSWILLER, Vitamin B-6 deple-
tion in man: Blood vitamin B-6, plasma pyridoxal-phosphate, scrum
cholesterol, serum transaminases, and urinary vitamin B-6 and 4-
pyridoxic acid, J Nutr 89:19-23, 1966

BRIN, M, and R,W, MCKEE, Effects of x-irradiation, nitrogen
mustard, fasting, cortisone, and adrenalectomy on transaminase
activity in the rat, Arch Biochem Biophys 61:384-389, 1956

AWAPARA, J, Effect of protein depletion on the transaminating
activities of some rat organs, J Biol Chem 200:537-541, 1953

BRIN, M., A.S. OSTASHEVER, M. TAI, and N, KALINSKY. Effects of
feeding x-irradiated pork to rats on their pyridoxine nutrition

as reflected in the activity of plasma transaminases, J Nutr
75:35-38, 1961

19




LIST OF FIGURES

Page
Figure 1  Growth Responses of Vitamin B-6 Deficient
Female Rats Repleted at Three Levels of 53
Dietary Pyridoxine (Pilot Study) . .
Figure 2  Erythrocyte Aspartate Aminotransferase
Responses of Vitamin B-6-Deficient Female
Rats Repleted One Week at Three Levels of
Dietary Pyridoxine . . . . . . . . . . . ... ... 24
Figure 3 Growth Curves, Phases 1 and 2. . . . . . . . . .. . 25
Figure 4 Growth Curves, Phase 3, Groups Cand D . . . . . . . 26
Figure 5 Growth Curves, Phase 3, Groups Eand F . . . . . . . 27
Figure 6 Growth Curves, Phase 3, Groups Gand H. . . . . . . 28
Figure 7 Growth Curves, Phase 3, Groups I andJ . . . . . . . 29
Figure 8 Growth Curves, Phase 3, Groups Kand L . . . . . . . 30
Figure 9 Erythrocyte Aspartate Aminotransferase
Activity, Males. . . . . « « + v v v 4 e e e v ... 3
Figure 10 Erythrocyte Aspartate Aminotransferase
Activity, Females. . . . . « « « v « v v o v v o . . 32 {
Figure 11 Erythrocyte Aspartate Aminotransferase i
Activity Coefficients, Males . . . . . . . . .. . . 33
Figure 12 Erythrocyte Aspartate Aminotransferase )
Activity Coefficients, Females . . . . . . . . . . . 54
Figure 13 Plasma Aspartate Aminotransferase Activ-
ity, Males . . . . . . . . o o 0000 0w e e 35
Figure 14 Plasma Aspartate Aminotransferase Activ-
ity, Females . . . .« . . . ¢« v v v ¢ v v v v 0o . 36
Figure 15 Plasma Aspartate Aminotransferase Activ- H
ity Coefficients, Males. . . . . . . . . . . . . . . 37
Figure 16 Plasma Aspartate Aminotransferase Activ-
ity Coefficients, Females. . . . . . . . . . . . . . 38

APPLENDIX A

21

FPHECEDING PAGE BLANK-NOT FILMED




Figure

Figure

Figure

Figure

Figure

Figure

17

18

19

20

21

22

Plasma Alanine Aminotransferase
ity, Males. . . . . . « « . .

Plasma Alanine Aminotransferase
ity, Females. . . . . . . . . .

Plasma Alanine Aminotransferase
ity, Males. . . « . . . « . .

Plasma Alanine Aminotransferase
ity, Females. . . . . . . . .

Erythrocyte Alanine Aminotransferase

Activity, Males . . . . . . . .

Erythrocyte Alanine Aminotransferase

Activity, Females . . . . . . .

44




“(Apnis 30(td) auLxopiuAd A4elatp 30 s{aAd| ¢
10 pa3a|dou (S8lewa ) SIBA JUBLILYSP 9-§ ULWRILA JO SISUODSIL UIMOUY | auanbty

1314 NO SAvd

BE 82 92 ¥2 22 82 8L 91 ¢+ 21 81 8 9 ¥ 2 @

SN IR (SN NN U NN GV N PN J R S W | | i
IN3ITIJIL4IG-NON v-— ¥ | azi
A/IH 2 o---0
P/ P g---a
IR/ v

- el
- ob |
- 0S|
- gl
" L
o8t
- 861
- 802
- @812
- o2z
- ec2
- ere
- ese

TWELZ JILWHOI- Ox<z®

23

SR ‘IL




Z¥»rmIx

NSO -

HLMEHOHTMITMIMGO

MG PYRICOXINE/KG DIET

l
13 1
!
o
|

60 .

Z3»Mm

LI

[}

49 -

~OC O

30

Figure ¢.

T T ; T 7 T
n 2 4 5 8 0]

MG PYRIDOXINE. XG DIET

Erythrocyte aspartate aminotransferase responses
ot vitamin B-6-deficient rats (females) repleted
one week at 3 levels of dietary pyridoxine. Upper
graph, activity coefficient, lower graph, enzymatic

activity in (arbitrary) chart units.
Vertical bars represent mean *+ S.0.
]
24

(Pilot study).




M
E
A
N
R
A
| T
W
E
E I
] s
H
T
s
R
A
M
s
== 1A ~= NON-DEFICIENT
° === :B ~ DEFICIENT
R D e D B B I B |
1 8 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
DAYS
429
888 J
M 00
E 349 ]
N 20
00 |
} 280 .
T 269 :
240 ;
¥ 229
E .
I 289 .
: 189 ]
T 168
. 148
G 128 |
R 189
| -
: 3 8 J
4@ .
29 — 1A ~— NON-DEFICIENT |
.' —."_mmn‘ 3
| L IR D O O S O U R N S N S R S L R N N
D 2 4 6 8 19121418 182922242528 39 32 34 36 33 42 42 44 46
DAYS

Figure 3. Growth curves, phases 1 and 2. Females (upper), males
(Tower).




260

2€9

248

220

2088

180

169

OIXPOVOAN~SITOHMT —H>0 Z>MX

140

OIPVANATIOAHME >0 Z»rmMI
(]

Figure 4.

-1
= :A =~ NON-CEFICIENT
""" :C —— SEMIPURIFIED {HARSINAL)
i === :D -~ SEMIPURIFIED CHIGH3
T I T T T 1 1 T T 1 1 T ] T
@ 2 4 6 8 19 12 {4 16 18 20 22 24 28 28 39
DAYS
-
4
-
. e —— 1A — NON-DEFICIENT
B ,&ﬁ" see=t 4 -= SEMIPURIFIED C(MARGINAL)
== :D --— SEMIPURIFIED CHIGH)
T T T T T T T T T T T T 1 T T T
e 2 4 8 8 10 12 14 16 18 20 22 24 26 28 30
DAYS
Growth curves, phase 3, Groups C and D. Females (upper), males

(1ower).

26




280 _
M
13 260
A
N
R 248
A
T
W 220 _
E
s
H 200
T
/
<] 188
R
A
M
S 168 _|
: — :A -~ NON-DEFICIENT
140 T===* 3E -~ FROZEN (MARGINAL)
-1 —"= :F =~ FROZEN CHIGH)
T T 1T 1T 71 1 L R R D R B N
Q 2 4 8 8 I8 12 14 16 18 20 22 24 286 23 29
DAYS
]
{ 460
: M 449
; E
} A 428 ]
: N
408 _
R 380 J
T 3go
W
§ 348 - "::::l’/
G 328 /.',
H o’
H 329 | o
/
A 280 /
i: 260 7
M 248
S
9
228 4 = :A -~ NON-DEFICIENT
200 J ====* :E == FROZEN (MARGINAL)
=== :F = FROZEN (HIGH)
i ) 71 T T T 1 i | S A i T
B 2 4 8 8 10 12 14 16 18 29 22 24 28 28 30
DAYS
Figure 5. Growth curves, phase 3, Groups E and F. Females (upper), males

(Tower).




OIP>VOANHIOGHMT ~AP>TD Z>MI

OXPVONATOHHMT AP0 ZrPrmMIX

288

269

240

229

200

180

169

140

460
449

420 |

400
380
360
340
320
309
280
269
249
220
200

Figure 6.

T :A —— NON-DEFICIENT
""" 1§ —= THERMAL (MARGINAL)
== 1K -= THERMAL (HIGH)

-

p—

T ] 1 1 ] T T ! | 1 I
8 10 12 14 16 18 20 22 24 20 28

DAYS

39

== :A ~— NON-DEFICIENT
""" t6 —- THERMAL (MARGINAL)
=== :H -- THERMAL (HIGH)

Growth curves, phase 3, Groups G and H.

(1ower).

r—Tr 1T | r 1 | | 1 1
€ 18 12 14 16 18 20 22 24 26 28

DAYS

28

30

Females (upper), males




289 |

200

240 _

220 |

200

188

OXP>VONHAIOHME A>T Z>»MI

160

— :A -~ MON-CEFICIENT

yv4a | :I =~ GAMMA CMARGINAL)
"= :J -~ GAMMA CHIGH)

| I AN RN SR U B E N D R E E A R

8 2 4 & 8 10 12 14 16 18 20 22 24 26 28 3
DAYS

460
440 |
420
428
3890 |
360 .*
340
328
300
280
269
249
220

L 1 1

OIXIP>VANATIOGHMET —H> B Z>MX

— :A == NON-DEFICIENT
208 ee==r 11 -~ GAMMA CMARGINAL)
== id ~-= GAMMA CHIGH)
1 ! T ] 1 § 1 1 1 ) | T 1 1 1 1§
4

o 2 6 8 10 12 14 16 I8 20 22 24 26 28 30
DAYS

Figure 7. Growth curves, phase 3, Groups I and J. Females (upper), males
{1ower).
29

‘_!: _ e

-

S e ——— -~ - -

ks SUCSXIUN



289
H
E 260
A
N
R 249
A
T
" 220
E
s
N 200
T
/
5 180
R
A
M
S 162
140
460
M 449
€
A 420
N
400
R 380
T 360
; 340
I
5 K73")
N
T 3009
/
s 280
R
N 260
H 240
S
220
209
Fiqure 8.

4/
/l
= 1A =~ NON-DEFICIENT
""" 1K -~ ELECTRON (MARGINAL)J
- === :L -~ ELECTRCN (HIGH)
T T T 1 T T T T 71 T T 1 T T 1
9 2 4 6 8 18 {2 14 16 18 29 22 24 26 28 30
DAYS
-
-4
o ,r"’
e
- , ,: /
Rats
. ~—— :A == NON-DEFICIENT
Jd 7 meee sK ~= ELECTRON C(MARGINALJ
== L ~~= ELECTRON {HIGH)
T T 1T T T 1 T T T 7
2 4 (] 8 1P 12 14 16 18 20 22 24 28 28 2393
DAYS

Growth curves, phase 3, Groups K and L. Females (upper), males
(Tower).

30 -




2.4 |
2.2 :
2 |
T e
N 94
N 1.8 J e
6 1.4 ]
4 1.2 —— L Day 7
L , v
R o
8 a.s |
[
a.6 J
»
Q.4 ]
-2 b HIGH
e G-+ O MARGINAL
1 i 1§ T i L R
OEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTROM
2.4 ,{
2 4 ,,-“‘ """"" A ]
. o "
¢ 1 -
N 1.8 !
6 1.4
7 g2 Day 14
L !
R 1
[ 2.8
c
8.6
2
0.4 |
9.2 4 &—AHIGH
° a--O MARGINAL
v L8 1 1) T 1 H
DEF  NCN-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN
2.4
2.2
o 2 m
€ 1.8 o T Eeeaeses & _
A
t 1.8
6 1.4
A j Day 28
L
1
q
8 .8 .l
c
28
»
9.4
g.2 o 2GH
2 @---OMARGINAL
T T T 14 ¥ Lo ny
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

Figure 9. Erythrocyte aspartate aminotransferase activity, wales
(Group means) Symbol at far left represents
deficient group at Day 0.

'E 31




g

R
2.4
2.2
2
: 1.8
A ' °
N 1.8 a— e e,
I B aanandin oY SN
T e Day 7
" 1.2 e
L
1
]
] 9.8
4 »
3.8
2.4
9.2 —zn
? B0 ARG INAL
iy [ i R T T . i
CEF  NON-DEF SEMI-P FROITN THERMAL GatMA SLECTACN
2.4
2.2
2 /\/___‘\‘
M o Y
3 - B
A > o
N 1.8 4
0 AR Day 14
/
o 1.2 4
L \ J
q
] .9
[=4 »
9.8
a4 !
4
!
a.2 | arom
a TF—-d~aARGTVAL
It ‘ ‘ t ¢ « 11
CEF  NCN~OEF SEMI-2 FROIEN THERMAL Gamra SLICTRCON
2.4 ] l
2.2
2 dr — S
" a ’___.—-a""‘ [Ty |
€ 1.8
ry
N 1.8 J
5 1.4 Day 28
/
" 1.2 J
¢ (I
]
] 2.8
[ *
3.8 .
2.4
9.2 J — s
a l Fos=@mARGIMAL |
11 3 [ ) v S 1
OEF NCN=OEF SEMI-® FROIT THERMAL 3APMA ELETTRCN
Figure 10. Erythrocyte aspartate aminotransferase activity,

femates. Symbot at tar left represents deficient

group at Day 0.
32




" F
E . a4 HIZH
A 1.9 @---0 MARGINAL
N .9
é 1.6 J
T
I 1.7 4
v
I
; 1.6 4 ,
c 1.8 Day
0 Q
E 1.4
} 4
. Y
T 1.3 e o .
c L o
I 1.2
3 £ — -
N
T 1.1 4 °
! T 1 v 1 T 1 T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN
M 2 J
£ . At HTGH
Iy 1.9 0-—€ MARGINAL
A 1.8
4 .
T
I 1.7 4
v
I
1.6 J
y Day 14
1.5 J
c
0
£ 1.4 J
F
1 1.3 .l 1
c o
I 1 d Saee ST
£ : B e e 0
N ° -—
T 1o "
i "1
(- f |
i Ll 1 T -1 ] T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN ]
M 2 !
: » —AYIGH
A 1.9 | 3-—0 MARGINAL
A 1.8
c 1
T
hd 1.7 4
v
by
H 1.6 |
Y
1.8 J Day 28
c
]
£ 1.4
£
1 1.3 J
$
1.2
€ Lt [ SO
N o cacemennn .- n
T 1t .L - —a
! I ] . T T 1! i

DEF  NON-OEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN

Figure 11. Erythrocyte aspartate aminotransferase activity
coefficients, males. Symbol at far left represents
deficient group at Day O.

33




Z»ym1l

L=t <HAO P>

=HZOHANIMMMGO < AP0 > Z»rMmIx AZMHOAHTIMTIMOO
w

£y

AZMHOKMIMMOOT <X~ O>» IPMI

Figure

a—h HIGH
B-~0 MARGINAL

I S | S

L 1 1 L T R
DEF  NON-OEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

HHIQH
i O-=-0 HARGINAL
1
L]
J
y
|
1 g
| ; —
Y 7 I T 1 1 T T

DEF  NON-~DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

4—A HIGH
B---OMARETINAL

Day 7

Day 14

Day 28

d
4
J
|
{
1
o Oeeee ., Y P o dibdetad
T T T T T T 1
DEF  NON-DEF SEMI~P FRCZEN THERMAL GAMMA ELECTRON
12. Erythrocyte aspartate aminotransferase activity

coefficients, females.
sents deficient group at Day O.

34

Symbol at far left repre-




45 |
40 ° W i

as o ...-’ ......

Bay 7
2B J

DMAMT\NCH Z»MI

b HIGH

" ? 8~--0 HARGINAL
t T T T t T T T
% DEF  NON-CEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

. i
0 | }
35 | \‘." [
30
Day 14

s J

VM-4HCNCH Z¥PMI

s .
A—A HIGH
° D=0 MARGINAL
T T T T T T ;

DEF  NON~DEF SEMI-P FROZEM THERMAL GAMMA ELECTRON

55 J

g
|

« J1] e @ @l

@ ... .
.y
as

30 J

N
s
S
o,

Day 28

28 4

20

DOAMHMCNCH IPMI

15

b HIGH
e 3--O MARGINAL
L o T L L T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

Figure 13. Plasma aspartate aminotransferase activity, males.
Symbol at far left represents deficient group at

Day 0.

35




S6
sa
45
423

3as

25

209

AM-aHr-NCH Z»MI
a

.!- - Eash

4 HIGH
@---0 MARGINAL
T

T T T T T T
OEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

S5

)

45

40

35

33

2s

20

DM -1 O Zp»inX

IS U WY WP PNy W IS J SN VIS S—" §

A=A HIGH

-8 MARGINAL
T T T 1 ; T T

OLF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN

VDM-arer N s

zZrmz
[ .|
S 0 & &»n
F._L-«J__.A._-AL__I_.‘L._l__-L__..L_A_L..__I_A_LA

——a IG5

Figure 14,

O---OMARGINAL
1 T T A8 ¢ T T

CEF  NON-DEF SZMI-P FRQZEN THERMAL GAMMA ELECTRCM

Plasma aspartate aminotransferase activity, females.
Symbol at far left represents deficient group at

Day 0.

36

Day 7

Day 14

Day 28




T T T T T ~T
DEF  NON-OEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN

~ 2.6
E 2.5 L] ——a HIGH
A 2.4 | 8-~ MARGINAL
| A 2.3 1
i ¢ 2.2
i T
i 5 2.1 |
!
\ ¥ 2
1.8 J
Y
18 Day 7
g 1.7 |
€
F 1.6 U - a
F 1.5 J et
I Sen Lot ..
c 1.4 "sv,a"' B
1 ° ————— .
E 1.9 J
N 1.2 ]
T
1]
. 1
; T =T T T T T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
. " 2.8 !
E 2.8 L b HIGH
A e ] G0 MARGINAL
R 2.3 |
$ 2.2 .{
I 2.1
v 2 1
¥ =
1.9 U
Y
v Day 14
€ 7]
€
; 1.6 U
4 1.8 J -
[ 1.4 ] Boort el ","‘ ----- o
é 1.3 . ° ‘__—*—;:’/w‘—“——‘
N .
T 1.2 1
1.1 4
1
T 1 1] T L 1 T
OEF  NON-OEF SEMI-P FROZEN THERMAL GaMMA ELECTRON
" 2.8 —I
£ 2.5 4 » b HIGH
A B---O MARBINAL
N 2.4
A 2.3
< .2
T 2.2 4
b9 2.1
v
¥ 2 J
.9
v ! Day 28
1.8 J
: [
‘, g 1.7 J
F 1.6 J
; ¥ 1.8
; E
: é 1.4 ]
- 2 1.2l o
# 1.2
i 1.
i f
!
I
3

Figure 15. Plasma aspartate aminotransferase activity
‘ coefficients, males. Symbol at far left
| represents deficient group at Day 0.

37




" 2.7 .
£ 2.8 | —— oM
A 2.s | 8---0 MARGINAL
2.4 |
& 2]
T 2
1 2
v 2.1 |
I
T 2
Y 1.9 4
¢ 1.8 J
g9 1
£ 7204
F 1.8
F
1 1.8 J
¢t o
€ 1.3 J .——Wa——-—s-g
N
N 1.2 o
1.1
! I LI T T T T T
DEF  NON-DEF SEMI~P FROZEN THERMAL GAMMA ELECTRON
" .7 J N
E 2.0 | —aAHTGH
A 2.5 BRI MARGINAL
N 5 J
2.4
A b
c 2.3 |
$
I 2.2 |
v 2.1 ]
I
T 2 ﬁ
Y 1.9
c 1.8 ]
0
2 1.7 _4
F 18
£ 1.5 |
H aliemca.,
c 1.4 a-. gt g
é 1.3 ] -] ,__‘_"_-....&_’_,_,4———-‘
N 1.2
T
]
! T l 1 T T L) L
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
" 2.7 4 -
€ 2.8 ] A—A HIGH
A G---OMARGINAL
5 2.5 |
2.4 |
A
c 2.3 |
T 2
1 2. :]
v 2.1
: 2 |
Y 18 4
¢ 1.8
0 7
° 1.7
F 1.6 ]
e 1.5 J
c 1.4 -
é 1.3 4 ° Oecorveosacenzencoger="""" 7% a
N
T 1.2 4
1.y
'

Figure 16.

T 1 r T T T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

Day 7

Day 14

Day 28

Plasma aspartate aminotransferase activity
coefficients, females. Symbol at far left

represents deficient group at Day 0.

38

s b oh o



39
n 25 k’__./\ .
£ \/
A
N 20
1 .
u ° Meemoveena LY
/
L 16 . I
L o -
] AN -
€ -4
R 18
5 »
At HIGH
° B---60 MARGINAL
T ¥ ¥ i I 1 T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCM
3. J
" 25
E '——‘/\————d
A
N 20 J
-]
g —
) 15 - -
L - s
5 1 o SR o
T
R e
1
S U "
ot HIGH
° 0-~-8 MARGINAL
1} L} - T 1 T 1
DEF  NON-~DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
39
" 25 .
£
A
N 28 -1
T
u ° .
{ N L
L 18 J Lo T a
I i R
3 r »-
£
R 10 J
s "
HHIG"
° 0--D MARGINAL
L 1 L 1y T i 1
DEF NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
Figure 17. Plasma alanine aminotransferase activity,

males. Symbol at far left represents
deficient group at Day O.
39

Day 7

Day 14

Day 28




30
1] \\
. 2 -1 \\,_/._\1
€
A Q
.3
N 20 !
- . a
u I O a Day 7
/ H AT P
L 1s .
, I
r
€
R 19 .
5 4
‘ 4 HIGH
a O---OMARGINAL
T T T T T T T
DEF NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN
30 |
" 25 . \,/4 1
< 1
2 o a,
| .ot
N 2e <] . .
z i R T I a
Y ; Day 14
! H
L 113 1
H )
X
3
R 19 2
i 1
s 2 }
‘ N :
' 4 YIGH i
a . 3--OMARGINAL |
1 v v i M
DEF  NOM-DEF SEMI-® FROZEN THEIRMAL GAMMA ELECTRON
30 J
25 J \"J—M\‘ |
c ‘t °
: ;
| @envemcanel G-oa,
N 20 e
- 1 e .~
3 : @ eeeennns o Day 28
7/
L 'S .
: !
< i
R 19 .
i
s J
I
| . —G
| B--40 ARG IHAL
] ; T T T -1 T T

OEF NON-DEF SEMI~P FIOZEN THERMAL GAMMA ELECTRON
Figure 18. Plasma alanine aminotransferase activity,
females. Symbol at far left represents
deficient group at Day O.

40




M
L]
€ 2 4 &b HIGH
A B---0 MARGINAL
1.9
A )
c 1.8
T h
oo .
§
M 1.8 | a
. -
c 1.5 . SN
g 1.4 W “m i
F A 4
F -
I 1.3 o
i
£ 1.2 4 ‘\p\/\.
N
T 11l
! L R T 1] 7 T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
g 2 . b—a
HIGH
A @---E MARGINAL
N
1.9 ]
A |
c 1.8 ] It
T ‘
i 17 ] ]
I
‘1; 1.8 J
c 1.8 4
£
[T
F t4 Q TBoveeae e a
F -
I 1.3
§ »“ ",
o N, K
i t.2 | .
N o
T tord
! H T T 1 1 T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
M
E 2 J * 48 HIGH
A G---OMARGINAL
N
o ]
A
c 1.8
c ]
b 1.7 |
i
1.
Y ° 1 o
c 1.8 J L -
0 L
E 1.4 [ R B
F -4
1 1.3 ° /,//“\\
: ~
z 1.2 ‘\/
N
T 11

Figure 19.

T T T T T T T

DEF  NON-DEF SEMI-P FROZEN THERMAL GANMA ELECTRON
Plasma alanine aminotransferase activity
coefficients, males. Symbol at far left
represents deficient group at Day 0.

4]

Day 14

Day 28




" 2.s [
»
E 2.4 ;—‘_onmn
N 2.3 | MARGINAL
A 2.2 4
$ 2
P2 ]
$ 1.9 4
vooore Day 7
c 1.7
0 1.6 |
F
F 1.5 ]
I 1.e
H - SRR P .-o
é 1.3 4 it T ST T PRPSREY
N 1.2
7 . ° W
1
i T T T T T T
OEF  NON-OEF SEMI-P FROZEN THERMAL GAMMA ELECTRON
N 2.5 J N
13 2.4 A—a HIGH
A -0 MARGINAL
N 2.3 4
A 2.2 |
S o] |
; 2 4 {
¥ 1.9 4
M 1.8 J Day 14
[ 1.7 4
S
£ 1.5 ]
I 1.4 d
i
1.3 olineaa.
c = [« TOPOL L ittt {_ T
£ SR -8
N 1.2 _‘ i |
T Tl Q —— |
v 4 1
T T T 1 1 V T
DEF  NCN-DEF SEMI-P FROZEN THERMAL 3altMA ELECTRCH
2.8 § 1
bl : » '
£ 2.4 4 == 4T GH !
A i 3---BMARGINAL |
N 2.3 .
|
& .2
: 1
T 21 !
v 2 !
% 1.9 4{ {
¥ 1.8 ] Day 28
[ 1.7 4
g -
£ 1.5 J
I 1.4
¢ <
I 1.3 4
E 1.2 [- SRR R LA ARl RETSS o
A ° —
! T T LB L T 1] T
OEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRCN
Figure 20. Plasma alanine aminotransferase activity

coefficients, females. Symbol at far left
represents deficient group at Day O.

42




0.28 e

0.26 | ° mmgﬁmn
9.24
0.22 |
82 |

9.18 |

2.18 |

0.14 | A A Day 7
0.12 | e g

poy e e g

T 1 I ] YT TTUrIT Ty T B
DEF  NON-DEF SEMI-P FROZEN TIFRMAL GAMMA FLECTRON !

.28 | e

ARV FINCH Z>MIX

&—8 MARGINAL
26 4 B---OH1EH

24

e.2 |
0.18 |
2.18 | Day 14 !

Q.14 |
9.12 J

OBD FINCW Z®»MI

T T T T T ¥ 1
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

9.34 4 48 MARGINAL :
9.32 | G---OHIGH !

2.3 |
0.28 | ° fee.

0.28 i 2. .8
0.24 | Rt
0.22 |
8.2 |

0.18 ] Day 28
0.16

0.14 ] \/‘

9.12 ]

OBX FINCH- IT»MI

T T =T | I [ B
DEF  NON-OEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

Figure 21. Erythrocyte alanine aminotransferase activity,
males. 43 g

L. e




9.34
9 32
8.3
9.28
226
9.24
9. 22
9.2
9.18

8.14
@.12
9.1
.93
.88

O@WAW FINCH ZT@»MX

9.34
9.32
9.3
Q.28
9.28
0.24
9.22
9.2
a.18
9.18
9.14
0.12
0.1
.28
.08
.04
.82

AW FINCH Z>»MX

9.34
.32
9.3
0 28
Q.26
9 24
Q.22
8.2
8.8
9.16
9.14
8.12
8.1

Ty mXx

ORX CFXINEm

04
22

Figure

9 18 |

1 &8 MARGINAL
J 8- -aHIeH

Day 7

T T T T T 1 T
OEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

1 &8 MARGINAL
| G---OHIGH

. S Day 14

7 ) AR IS | e e I

DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

A~—4 MARGINAL
8--BOHIsH

Ak

A A4
b

] Day 28

1 T 1 | T T T
DEF  NON-DEF SEMI-P FROZEN THERMAL GAMMA ELECTRON

22. Erythrocyte alanine aminotransferase activity,
females.

44




Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

10

11

12

LIST OF TABLES

Vitamin B-6 contents of chicken test meats
and repletion diets.

Schedule and diet codes for anti-vitamin B-6
StudiesS. . + v . v v e e e e e e e e e e

Summary of quality control data for plasma
and erythrocyte aminotransferase activity.

Growth of pyridoxine-deficient rats repleted

Page

L 47

. 438

. 49

with semi-purified or chicken-based diets (males). . . 50

Growth or pyridoxine-deficient rats repleted
with semi-purified or chicken-based diets
(females).

Analysis of variance (ANOVA) significance
levels for erythrocyte aspartate aminotrans-
ferase activity.

Summary of erythrocyte aspartate aminotrans-
ferase activity in pyridoxine-deficient rats
during repletion with semi-purified chicken-
based diets.

Summary of erythrocyte aspartate aminotrans-
ferase activity coefficients in pyridoxine-
deficient rats during repletion with semi-puri-
fied or chicken-based diets. ,

Analysis of variance significance levels for
plasma aspartate aminotransferase activity .

Summary or plasma aspartate aminotransferase
activity in pyridoxine-deficient rats during
repletion with semi-purified or chicken-based
diets.

Summary of plasma aspartate aminotransferase
activity coefficients in pyridoxine-deficient
rats during repletion with semi-purified or
chicken-based diets.

Analysis of variance significance levels for
plasma alanine aminotransferase activity .

45

. 51

[¥a]
(2}

[Fn]
(54}

.57

.58
APPENDIX B




Table

Table

Table

Table

Table

14

15

16

17

Summary of plasma alanine aminotransferase
activity in pyridoxinc-deficient rats dur-
ing repletion with semi-purificd or chicken-
based diets. . . . . . . . o ..o . ...

Summary of plasma alanine aminotransferase
activity coefficients in pyridoxine-defici-
ent rats during repletion with semi-purified
or chicken-based diets . . . . . . . . .

Analysis of variance significance levels for
erythrocyte alanine aminotransferase activ-
R O

Summary of erythrocyte alanine aminotrans-
ferase activity in pyridoxine-deficient rats
during repletion with semi-purified or
chicken-based diets. . . . . . . . .

Summary or erythrocyte alanine aminotrans-
ferase activity coefficients in pyridoxine-
deficient rats during repletion with
semi-purified or chicken-based diets . .

46

Pagc

59

60

61

63




‘UOTIRISPISUOCD 03UT udye) 3ou sem xmw-axd £Ip yitm SuTXTW pue jeau 3O Sutputad Jutanp SSO] SINISTIOR ~siedW
JO S1U3IUOD JINISTOW UO pased 1ATP YOED 10 JUdIUOD danisTow 3yl Juriewrlssd Aq paiernate)d,

‘1°S T UE3N,

pUsT A i | S°S1 911 531310 Y31H
-z S°C §-C 6°¢ ¢°Z s3a1q teurdaep
cam Lap “BY /3w
z3U91UOD 9-g UTWEITH
8¢ 7 019 SZ* ¥ 067, 0S* ¥ 9S°L b ¥ 1978 60°T ¥ 85°11 {6 = u) 53210 YITH
L2 F9v°1 22 7 £S°1 8z ¥ ¢S°1 pS° 7 6L°1 9z F v£°C ({ = u) sia1q reutdiel
*3M 39m ‘8y/8u
Hvoxmmm< 9~g UTWEJTA
6v'01 S8 0T 90°01 S9°6 0°21 $3910 9-9 u31H
66°0 S€°T 950 ST 0 Sz $391IQ TeutdIen
*Im AIp “‘3/3m
5391q 03 Pappy TJH.9UTXOPTIILY
15°1 SI°1 v6°1 sg°Z - *Im Aap ‘3y/3um
IO WOIXF SIDTQ UT 9-g UTWEITA
Z2°99 v°€9 a°v9 S'v9 - % JUIIUOD) SINISTOK
2°0F S'1 20 F 21 Z°0F 0°¢C z°0F ¥°2 - (9 = u) *am 19m “3y/3u
{3¥9W UT 9-g UTWEITA
pajerpeaxl palerpeIal [ewmIsyy uazoxyg patyrang
uoI3291g eUmes) -Tmag

39T uoTiardoy IO BN 1S9]

$191p uotiatdax pue S3eaW 3S3T UYITYD JO SIUAIUCD §-§ UTWEITA T d[qel




Table 2. Schedule and diet codes for antivitamin B-6 studies!
Phaze Length of Phase Diet Groups
1. (Quarantine) 1 week A
2. (Depletion) 33-42 days A,B
3. (Repletion) 4 weeks A, C-L
Vitamin B-6 Level
Diet Code Diet mg/kg dry weight
A Semipurified 12.0 (non-deficient con-
trol group)
B Semipurified 0 (deficient diet])
C Semipurified 2.5
b Semipurified 12.0
Chichen-
tContaining
_biets
) Frozen Chicken 2.5
I Frozen Chicken 12.0
G Thermally Processed 2.
i Thermally Processed 12,0
{ Gamma Irradiated 2.5
J Gamma Irradiated 12.0
N Electron Irradiated 2.
L Electron Irradiated 12.0

male animals and the other all females.
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Table 3. Summary of quality control data for plasma and erythrocyte amino-
transferase activities

Within Day Precision Between Day Precision
Mean S.D. C.V. Mean S.b. C.V.

Plasma AST!

Normal? 19.1 1.08 5.65 19.2 0.42 2.17

Normal3 23.4 1.17 5.00 23.4 0. 3.73

Elevated® 42.1 1.87 4.44 42.1 1.31 3.11
Plasma AST Stimulated

Normal3 36.4 1.39 3.82 36.4 0.69 1.88

Elevated"” 68.9 2.07 3.00 69.1 1.53 1.21
Plasma ALT!

Normal? 21.5 1.12 5.21 21.4 0.82 3.83

Normal3 30.5 1.07 3.51 30.4 1.23 4.05

Elevated* 86.2 2.89 3.35 85.9 3.21 3.73
Plasma A&T Stimulated

Normal 34.4 1.89 5.49 34.3 1.24 3.62

Elevated® 92.5 3.64 3.93 92.3 2.65 2.87
Erythrocyte AST®

Normal, Male Rat 1.91 . 050 2.62 1.90 . 047 2.47

Deficient, Male Rat 0.50 .028 5.60 0.49 .017 3.46

Normal, Female Rat 1.86 .052 2.81 1.85 .059 3.19

Deficient, Female Rat 0.76 .041  5.46 0.75 025 3.33
Erythrocyte AST, Stimulated

Normal, Male Rat 2.09 .053 2.52 2.08 .083 3.99

Deficient, Male Rat 1.06 .044 4.20 1.05 .034 3.24

Normal, Female Rat 2.06 .060 2.90 2.05 .097 4.73

Deficient, Female Rat 1.32 .060 4.57 1.31 .071 5.42

lju/liter. 2pade Monitrol I; American Hosgital Supply, Miami, FL. 3Sigma Enzyme
Control -2N. “Sigma Enzyme Control -2E. 1U/ml packed red cells. Appropriate
pools were prepared in advance, divided into aliquots and stored frozen at -70°C.
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Table o. Analysis of variance (ANOVA) significance l?vels for eryth-
rocyte aspartate aminotransferase activity.

Erythrocyte Aspartate Aminotransferase Activity (Unstimulated)

Vitamin Diet Interaction _

Males ]

Day 7 .000 . 000 .000

Day 14 . 000 .139 . 035

Day 28 .000 .026° .517
Females

Day 7 .000 . 001 .023

Day 14 . 000 .080 . 297

Day 28 .022 .527 .282

Lrythrocyte Aspartate Aminotransferase Activity Coefficient

Males

Day 7 .000 . 000 .000

Day 14 .000 .000° . 000

Day 28 .000 .000 . 000
Females

Day 7 . 000 . 000 . 000

Day 14 . 000 .034 . 107

Day 28 .000 . 007 . 004

'P values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups
C through L). 2Variances were significantly different by Bartlctt's
test. Kruskal-Wallis nonparametric analysis revealed no significant
diet effect. 3Diet differences were not significant (P < .05) by
Newman-Keuls test. Examination of 95% confidence intervals did reveal
appurent differences.
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Table 9. Analysis of variance significance levels for plasma aspar-

tate aminotransferase activity!

Plasma Aspartate Aminotransferase Activity

{(Unstimulated)
Vitamin Diet Interaction

Males

Day 7 .000 . 001 . 008

Day 14 .059 . 148 . 375

Day 28 .143 .765 .796
Females

Day 7 . 002 . 067 . 118

Day 14 .062 .0442 .180

Day 28 . 349 . 005 .036

Plasma Aspartate Aminotransferase Activity
Coefficient

Males

Day 7 .000 . 000 . 000

Day 14 .000 .018 .536

Day 28 .797 .794 .761
Females

Day 7 .001 .222 .029

Day 14 . 000 .000 . 004

Day 28 .000 .011 . 045

1p values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups
2piet differences were not significant (P < .05) by

C through L).

Newman-Keuls test.

Examination of 95%

apparent differences.

confidence intervals recvcaled
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Table 12. Analysis of variance significance levels for plasma alanine
aminotransferase activity!

Plasma Alanine Aminotransferase Activity

(Unstimulated)
Vitamin Diet Interaction
Males
Day 7 .000 . 000 .679
Day 14 .000 .007 .558
Day 28 .000 . 0262 .678
Females
Day 7 .000 .005 .252
Day 14 .000 .0122 .890
Day 28 .000 .0463 .412
Plasma Aminotransferase Activity Coefficient
Males
Day 7 . 000 ' .000 .024
Day 14 .000 . 004 .179
Day 28 .000 .407 .409
Females
Day 7 .000 .0302 .915
Day 14 .000 .688 . 323
Day 28 .000 .501 . 690

1p values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups
C through L). ZVariances were significantly different by Bartlett's
test. Kruskal-Wallis nonparametric analysis revealed significant diet
effects at high vitamin level only. 3piet differences were not signi-
ficant (P < .05) by Newman-Keuls test. Examination of 95% confidence
intervals did reveal apparent differences.
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Table 15. Analysis of variance significance levels for erythrocyte
alanine aminotransferase activity1

Erythrocyte Alanine Aminotransferase Activity

(Unstimulated)
Vitamin Diet Interaction

Males

Day 7 .000 . 000 . 000

Day 14 .000 . 000 . 000

Day 28 .000 . 000 . 000
Females

Day 7 . 000 .000 . 067

Day 14 .000 . 000 .003

Day 28 .000 .000 . 025

Erythrocyte Alanine Aminotransferase Activity
(Coefficient)

Males

Day 7 .000 . 004 . 000

Day 14 . 000 .021 .012

Day 28 .000 . 004 . 054
Females

Day 7 .000 . 283 .362

Day 14 .000 . 397 . 540

Day 28 .600 .429 . 867

lp values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups
s C through L).
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